The stability of cerebral function and blood flow (CBF), and the CBF response to changes in arterial carbon dioxide tension (CBF reactivity) during alfentanil anesthesia were examined in rabbits. This model was first shown to provide stable anesthesia, cortical function, and CBF for 4 h. CBF increased significantly to 159% [of baseline] in the left hemisphere and to 167% in the right within 5 min of an exposure to 5% CO2 (p = 0.009 on the left and p = 0.003 on the right), but then decreased to 123% on the left and to 137% on the right (not signifi cantly different from baseline, p = 0.11 on the left and p
= 0.07 on the right) while P aC02 was still rising. Steady state reactivity levels (0.8 ml 100 g-I/min-I/mm Hg-1 CO2 on the left and 0.65 ml 100 g-I/min -I/mm Hg-1 CO2 on the right) were consistent with previous work and were reached at 20 min. These results suggest that mech anisms other than perivascular hydrogen ion concentra tion mediate the CBF response to changes in arterial CO2 tension during alfentanil anesthesia. Key Words: Opioid Anesthesia-Cerebral blood flow-Rabbits-Carbon di oxide. aI., 1989; McPherson and Traystman, 1984) . We therefore chose to study cerebrovascular stability and the cerebrovascular response to increases in PaC02 during alfentanil anesthesia.
METHODS AND MATERIALS
Experimental protocols were approved by the Animal Ethics Committees of the University of Adelaide and the Institute of Medical and Veterinary Sciences (Adelaide, Australia). The experiments were carried out on 12 male New Zealand white rabbits, weighing between 3.3 and 3.5 kg. Pilot studies on two unparalyzed (see below), and five other animals were used to establish the technique. The animals underwent inhalational anesthesia with a mixture of oxygen (40%), nitrogen, and 4% halothane. A trache ostomy was performed and the trachea intubated. An in travenous loading dose of alfentanil HCI (Janssen Phar maceutical) 0.5 mg/kg and gallamine (May and Baker) 0.8 mg/kg was administered via an ear vein and the animals' lungs artificially ventilated (Rodent Ventilator Model 683 , Harvard Apparatus, South Natick MA) to maintain nor moxia and normocarbia. Administration of halothane was then ceased and anesthesia maintained by continuous in travenous infusion of alfentanil (8 IJ.g kg -I/min -I) and gallamine (20 IJ.g kg-I/min -I). This dose regimen of al fentanil was shown in the pilot studies to ablate the ear pinch response and the pedal withdrawal reflex (Peeters et al., 1988) in unparalyzed rabbits.
Both femoral arteries were cannulated (Dow-Corning Silicone catheters, 602-175, Corning NY, U.S.A.); one was connected to a three-way tap for arterial blood gas analysis samples and the other connected to a strain gauge transducer for continuous arterial blood pressure monitoring. The animals were placed in the sphinx posi tion and fixed in a stereotactic frame (David Kopf Instru ments, Tijunga CA, U.S.A.). Intracranial pressure was measured with a strain gauge transducer connected to a 14 G metal cannula hub mounted in a cranial burrhole under which the dura was opened and continuously dis played on a cathode ray oscilloscope. Core temperature was maintained within OAoC by a warming mattress.
To measure CBF, electrodes were prepared from sharpened 0.2-mm Teflon coated platinum wire. The plat inum tips were placed in the right and left cerebral corti ces to a depth of 1 mm by means of an operating micro scope (OPMI, Carl Zeiss, Thornwood NY, U.S.A.) and microelectrode carriers. An indifferent silver-silver chlo ride electrode was placed subcutaneously in the rabbit's back. A two-channel polarographic amplifier system was used to measure the concentration of hydrogen. Hydro gen gas (-10% by volume) was added to the ventilator inlet for 5 min only. Blood for arterial gas analysis and the clock time corresponding to the CBF recording were taken 2 min after hydrogen administration was stopped. The initial slope index method was used to estimate the half-time of hydrogen clearance and CBF in ml 100 g-I/ min -1 was calculated as described by Aukland et al. (1964) .
To measure cortical somatosensory evoked response, a stainless steel I-mm screw was placed through a burrhole over the left somatosensory area until it rested on the dura. The right forepaw of the rabbit was stimulated via needle electrodes for 0.5 ms at approximately 9 V and a frequency of 1 Hz. Two minutes after the beginning of each hydrogen clearance, 80 evoked responses were re corded and averaged. The first negative (N I ) and the sec ond positive (P2) wave voltages were measured, sum mated (P2-N1) and recorded (Iragui-Madoz and Wieder holt, 1977) .
Stability of the preparation was first tested in five rab bits by measuring mean arterial pressure (MABP), left and right CBF, rectal temperature, cortical somatosenso ry evoked response, arterial gas tensions, and pH every 15 min for 5 h. Data from all animals were combined and tested by an analysis of variance (ANOVA).
The CBF response to a change in arterial CO2 tension was measured in seven rabbits which were initially ven tilated to achieve a mean PaC02 of 28 mm Hg before inducing hypercarbia by adding CO2 to the inspired gases. This stategy gives us good control of P aC02 levels in this model. It has been shown that changes in the CBF re sponse to CO2 during hyperventilation do not occur in the time frame of our experimental protocol (Muizelaar et al., 1988) . Arterial gas tensions, MABP, intracranial pres sure, cerebral perfusion pressure (MABP-intracranial pressure), left and right CBF, left and right CBF reactiv ity (change in CBF [mll00 g-I/min-I]/change in PaC02 [mm Hg]) and temperature were measured every 15 min until a 60-min steady state period was demonstrated. CO2 (5% by volume) was then added to the ventilator inlet at a mean time from start of hyperventilation of 150 min. All variables were measured 5, 10, 20 and 30 min after the J Cereb Blood Flow Metab, Vol. 12, No.3, 1992 addition of CO2, Data from all animals were combined and tested by ANOV A and t-test. Where mUltiple simul taneous comparisons were made, the Bonferroni correc tion was applied (Wallenstein et al., 1980) . All data are displayed as mean values (±SD) and a significance level of p < 0.05 was chosen.
Animals were killed with pentobarbitone on completion of the experiment.
RESULTS
For 5 h in control rabbits and during the steady state period in CO2 reactivity study rabbits, there was no significant variation in left and right CBF, PaC02, P2-N 1 voltages, MABP, temperature, or Pa02 (Fig. 1) . Addition of 5% CO2 to the inspired gases did not significantly alter intracranial pres sure, cerebral perfusion pressure, temperature, Pa02 of P2-NI voltages. MABP rose very transiently to reach a peak of 30% above baseline 2 min after CO2 exposure (p = 0.02) but returned to baseline when CBF was first recorded at 5 min. There were highly significant increased in PaC02 (F = 5. 7, p < 0.001), left CBF (F = 3.39, p < 0.001) and right CBF (F = 3.34, p < 0. 006) (Fig. 2) . While the PaC02 rise was sustained, left and right CBF began to fall after 5 minutes of CO2 administration.
Twenty minutes after initial CO2 administration, CBF reactivity plateaued at 0.8 ml 100 g-l/min-1/ mm Hg-1 CO2 on the right and 0.65 ml tOO g-l/ min -l/mm Hg-1 CO2 on the left. CBF at this time was not significantly different from baseline (Fig. 2) .
DISCUSSION
CBF, ICP, and cortical function were stable over 4 h in rabbits subjected to this regimen of alfentanil anesthesia. Previous studies of steady-state CO2 re activity have reported similar values to those in this study (Reivich, 1964; Tuor and Farrar, 1984; Raper et aI., 1971; Kontos et aI., 1979) ; however the initial CBF reactivity peak (Fig. 2) .
11'
Itli1trI+I+Itltr h-I after MABP had returned to baseline. It therefore seems possible that alfentanil has some direct effect on the cerebral vasculature, contrary to the conven tional belief (McPherson and Traystman, 1984; McPherson et aI., 1985; Yaster et aI., 1989) .
It is unlikely that this finding can be attributed to errors in the hydrogen clearance method of measur ing CBF, as the initial slope index (fast-phase) method will under-and not overestimate peak reac tivity levels.
These findings may have implications for neu roanesthetic practice. During alfentanil anesthesia, an increase in P aC02 may produce a large and tran sient increase in CBF, and although this did not increase the intracranial pressure (ICP) of the nor mal brain in this model, it may lead to significant ICP rises if intracranial compliance is reduced. Fur ther investigation of this phenomenon is indicated.
